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SUMMARY AND CONCLUSIONS.
The recent possibil i ty of non-invasive observation of fetal motor behaviour by
means of ultrasound technique, has init iated research on the significance of fetal
movements Íor assessing the prenatal neurological condition. For this purpose,
longitudinal investigations on Íetal movements in normal pregnancies indicated the
importance of one particular movement patteÍn: the "general movement". In normal
fetuses, general movements are complex and fluent motor patterns, which involve all
parts of the fetal body in variable sequence, speed and amplitude. In undisturbed
pÍegnancy, the characteristic appearance (the "quality") of general movements
remains essentially similar from their emergence (at about 8 weeks gestational age)
until 3 months after birth. During major pathology of the developing central nervous
system, these optimal characteristics are consistently altered. In fetuses and
newborn infants. the quality of general movements has proven to be highly discrimi-
native between normal and severely abnormal neurological conditions. This observati-
on suggested that assessment of the quality of general movements provides a new
diagnostic tool for early detection of brain lesions.
Within this perspective, the question was raised whether the assessment of
quality of general movements allows diagnosis of a more insidious or mild onset oÍ
fetal deterioration. Such information. related to other clinical variables (such as fetal
heart rate patterns and amount of amniotic Í luid), may reflect pathophysiological
mechanisms impairing the integrity of the fetal central nervous system during
ongoing deterioration. Furthermore, as this information could lead to early detection
of imminent fetal jeopardy. optimalization of therapeutic intervention may come into
reach.
This thesis deals with the impact of human fetal environment on pre- and
postnatal motor behaviour, in order to assess the fetal and neonatal neurological
condition. Pre-existing abnormalit ies within the fetal central nervous system were
excluded from the study groups. Two approaches were chosen to study fetal motor
behaviour: 1. assessment of quality of general movements, and 2. assessment of
quantity oÍ general- and breathing movements per t hour recording.
In chapter 1, the historical background and aims of the study are described.
Chapter 2 deals with a prospective study on intra-uterine growth retarded
Íetuses, containing longitudinal data on the quality of general movements in relation
with other clinical varlables oÍ the fetal condition and the neurological outcome.
During ongoing fetal deterioration in intra-uteÍine growth retardation, 4 different
stages of alteration within the quality of general movements could be distinguished.
These alterations in quality of general movements appeared strongly related to other
clinical variables of the fetal clinical condition in growth retaÍded fetuses: 1 . Normal
quality of general movements was related to uncomplicated intra-uterine growth
retardation. 2. Slow and small general movements were related to a reduced amount
of  amniot ic  f lu id.3.  A poor reper to i re oÍ  general  movements occurred s imul taneously
with the onset of abnormal fetal heart rate patterns. 4. Hardly discernible general
movements were observed after further deterioration of the fetal condition. From
these results, it was concluded that the quality of general movements could serve as
an indicator, at least in combination with other clinical variables. for the assessment
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of the fetal neurological condition. Furthermore, the study indicated that in absence
of additional complications, results of the standardized neurological examination
tended to normalize between 3 months and 1 year.
The same intra-uterine growth retarded pregnancies as described in Chapter 2,
were also analysed with regard to the relationship between the quêl-ity of general
movements and the quantitv of general- and breathing movements (chapter 3).
Similar to quality, quantitative variables appeared related to fetal condition. In
contrast to the quality, however, the quantitative variables showed a high inter- and
intra-individual variation. ThereÍore, the quantity of general movements were
indicated as unreliable indicators of the neurological condition in the individual fetus.
Furthermore, the question was addressed whether fetal breathing movements
could predict neonatal prognosis, in particular with respect to pulmonary function
(chapter 4). In pregnancies at high risk for pulmonary hypoplasia (oligohydramnios
due to premature rupture of the membranes), the quantity of fetal breathing move-
ments has been analysed in relation to postnatal lung development. The incidence of
fetal breathing movements showed large inter- and intra-individual variabil ity, and no
statistically signiÍicant relationship between incidence of fetal breathing movements
and lung development was observed. Thus, in the individual fetus, no predictive
value could be derived Írom the quantitative assessment of fetal breathing move-
ments for prognosis of postnatal lung development.
Chapter 5 describes the eÍfect of intra-uterine movement restÍiction on the
quality oÍ pre- and postnatal motor behaviour in pregnancies complicated by oligohy-
dramnios due to premature rupture of the membranes. In these cases, a positive
correlation was observed between a (seveÍely to moderately) reduced amount of
amniotic f luid on the one hand, and small and slow general movements on the other
hand. The first few weeks after birth, the slow speed and small amplitude of general
movements continued to be present, despite the suspension of movement restriction
at birth. These reS0lts suggested a carry-oveÍ effect oÍ mechanical intra-uterine
movement restriction on the postnatal period.
The extent and duration of the carry-over effect by intra-uterine movement
restriction on postnatal motor functions was studied in more detail in inÍants born
after intra-uterine breech position (chapter 6). A significant relationship was found
between breech position and alterations in neonatal motor f unctions, such as
preference posture of the legs, patterns of exteroceptive leg reflexes, and posture
while walking without support. lt was concluded that the fetal environment could
exert a long-term modulating influence on the development of motor functions,
extending even up ïo 12-18 months postnatal age.
Chapter 7 describes the interrelationhip between the various experi-
mental results and possible underlying patho-physiological mechanisms. Furthermore,
clinical implications of quantitative and qualitative variables for diagnostic purposes
are d iscussed.
I t  is  concluded that :
- during a chronically reduced fetal supply of oxygen and/or nutrients, alterations in
quality of general movements are strongly related to variables of fetal clinical
condi t ion.
- similar to quality, also quantitative variables (of fetal breathing- and general
movements) are related to the fetal condition. However, due to large inter- and intra-
indiv idual  var iabi l i ty ,  quant i ty  oÍ  general  movements appears unre l iable as indicator  of
the neurological  condi t ion in  the indiv idual  fe tuses.
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- the unreliabil ity of quantity of fetal breathing movements as clinical indicator is
underlined, as it did not only prevent detection of fetal condition but also oÍ predicti-
on oÍ neonatal pulmonary outcome.
- fetal movement restriction can alter pre- and even (long- lasting) postnatal motor
functions, in absence of pathology of the central nervous system. With respect to
quality of general movements, these changes concern their speed and amplitude,
while complexity, f luency and superimposed rotations of the extremities remain
unaltered.
The above mentioned findings may indicate that, in contrast to the quantity, the
quality of general movements can be used as a non-invasive approach, in combinati-
on with other clinical variables, to assess insidious onset of mild fetal clinical
deterioration. Future studies on the quality of general movements in well-defined
study groups are needed to elucidate underlying structure-function relationships as
well as influences exerted by Íetal environment.
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